UNCLASSIFIED

Ap 296 478

Reproduced
by the

ARMED SERVICES TECHNICAL INFORMATION AGENCY
ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

UNCLASSIFIED



NOTICE: When govermment or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsocever; and the fact that the Govern-
ment may have fornulated, furnished, or in any way
supplied the sald drawings, specifications, or other
data is not to be regarded by implication or other-
wvise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



-

6 478

ot ASTIA
~ A 0. 296

olhe
E

CATAI

(- =

F

-

I —
(— I
ol

(s

| CONTRACT NO DA %2 ~ 557 - ~ 35675
INCLUSIVE DATEs Yovewber 1 1961 October 31 192

TO

X

SUBJECT OF INVESTIGATION
r L

BXPIORATION OF NEW OHBRMOTEERAPSUTIOS
POR INFECTIOUS DISBASES

L I
RESPONSIBLE INVESTIGATOR
— 1
Dv. Toju Hata, M.D,
suon{
Kitagato Institste—Lor Iufeotious
Discases

Head of Antibvioctio Division of
the said Institute

r.

U.S. Army Research & Development Group (9852) (Far East)

Office of the Chief of Research and Development
United States Army
APO 343



ABTIA Avallability Notioe

Qualified requestors may obtain
copies of this report ifrom ASTIA.

", !



QILIISSYIOND

£ovedy
BOTINRIOJE] TEITWYON]
$821 430G pauly

‘S L988-00d
- 488-T6 Vq 39931800 ;]
‘vo_3ao0 “vaa)
as u«!louobon P
§o3vasdy Luwly °g°p
afo] ‘siey
*8389dy Staned
- I0Wsy) 1]

‘111
‘11

‘1

“eE2AwoTvgde) °g
aujMuo 303y

GRLIISSYIOND

QE LA ISSVIOND

Aoua dy
SOFINMIOJU [eITUYDe]
8821 430G paulay

"S L998-0%4d
~198-36 Y 39031000 A1
PR

d9 1wawdoisaeq pev
Y23vevey fwiy °g°p
afol ‘wmimg.

*s3uely otinad
="qI0Wey) #13Y] ‘1

s1dwoiwde) ‘3
ULV 1038 1

QGILIISSYIONO

111
11

sesopiwyidesss
30 93131013318 POYSITQRiItd Yl O3 IVII30F83
S} S10upo3d #y1 30 sIs®q 8Q3 O pawodoad sea
8319403034 70 831203318 JUIMOTIOZ O] °S¥OPIW
-$348338 WO3Z PIUT®3QO AT SROBTERITAWIS SO ITTP
~204883302 Q1tA peasudwod #3en vy Mwo3034d 3O €3d8p
=034 woyiepvadeq Luwdwo) sfamQ 3wy U1 T 30
ipaegoa] £q suvopywiidesis o3 3o weses £13
=f33ed ‘sediwosngooes pus ¥I73L103sl] vqeuvpuy
ISBIele SOT3TATIO® JIFA dno3? epIuyXeqorrLd
©3 BUidUOTeq DTI0FQIIVT AT ¥ ST TIHLW0303g

330402 PSTZTEEVIDVN (G L998-DRI~L89-36 V] IO¥33180))

*S$391 ¢ ‘seyqe] °saIly °Iou}
*d g3 °z9 390 I8 - 19 Sm 1 *g 'ON 33odey ywspy
“eiey {0l £q SISVISIA SNOLIOEA

|z%¢ 304 SOILOIIVHEHIOWIHO AZN 40 NOILVHO1dXd
-—..noaﬂonx—n-oﬂnoeu:uouoauu:-:ounuu.:u

3791 AnQ av

ssuopiug 3dalas
JO #313150321% PIYSIIQEIS agl) O3 3CIIIIFAI
T} S10upP3d 81 JO S1SEQ ¥ TO pasodosd sen
S194W03034 3O 83839238 JUTNOY(O} o] IVOPIW
-¥3423318 WOJ} PEUY®IQO L SROMTELITBWIS seuO TP
-204%23300 YITA paIeduod sJea vy 2woicad 3o s108p
034 voyiepuadeg “Luwduo) s§avq M3Ivg BT ¢ 22
1paeyoay Lq svopywiidezas o3 Juyjgquesss LJavnd
=F13vd ‘s8dfwoieqodes pue I 31Ai[018dY eqiuepay
ISUTEIT SITITATIO YIFA dno3d eplwixeqoraLd
03 2813TOTdq 2730FQF1UT AU ¥ s 8304wo 3034

‘330483 PO JISSUIINY (g L998~024- 1S9-36 V(I 3933000

“Sye1 ¢ ‘seIqel ‘salli TN}
‘d 93 °29 390 18 ~ (§ Sw 1 *g ‘ON 3zodeg Testy
*awg Mol £q gSVESIQ SAOIIDAL

- %ﬂ ¥0d SOILONJAVEIHIONNAD ASN 40 KOILIVNO1dX3
sedep ‘SeSTeRi( S20FIDNFE] 307 BINIFISE] O3EERIT)

/9T AQ av

QIHISSYIOND
Louedy

SO IW30JEY TvOTEYOe]

007 4305 powly

g L998-0%d
=498-%6 Yq 3o%331%0)

0 ‘q ‘IS

‘va ‘q4o0 ‘(3d)

dy isswdosasg puv
(o3veney Luwsy °s°p
ufo] ‘syey

*s3ueldy o13100d
~wIPqI0WIY) PTIFY

‘s1aLwoTvyde)
‘98] 24wo 3039

Qa1 ISSYIOND

QELIISSVIONQ
Loualdy

UOTIVWI0JU] TeITUYI]

$301 439G pawly

¢ L9G8-08d
= 4%=-%¢6 ¥ 32e3100)

0 °Q ‘usen

'Va@ ‘@400 “(3d)

do 1m3wdoTaad) puv
yoseasay Lwxy *s°p
afoj ‘eviey

‘s1uady dtined
~eI9qI0Weq) PIITY

*upodworeqdey
‘9UT 24wo 30 34

QI LI ISSVIOND

Se80pIN] 140318
JO 83013120318 POYSIIqeiIes 8y} O3 JEt330303
S} 8300p033 Y3 30 Syseq #(3 8O Pee0doid swa
¥04wo 31034 30 83e3d031s JUFAOTIO) O] °“INOPIW
13149318 WO3Z PONETIQO L] SROSEVITAMES €080 I
=-80d883309 YITA peJuduod 1o ¥} Mm03I03d JO €108p
~03d wofjepesleq “Luwdmwo) sfavg Ix3eg Uf TV 18
1PpIeqoa3 £q sUOpPIW]Idesys 03 JE [T} y
=113vd ‘sediwoleyodvs puw w3yiltoisly sqhuepRy
ISTTRIT SITITATIOC JIfA dRO3ID SPIWIXIYOTI4D
031 JUF38OTaq SFI0TGEIUT ADE ¥ ST S}IMwO103g

330403 POTIFESTIINN (9 L996-D)

~-L§9-36 Y] 39%3380))

‘8133 § °‘sd{qe; °SAITl °“TI8Y
‘49229 190 I¢ ~ 1y Sm I 'g "oN 130dey Teiq
“®iey afo]l £q SISYASIA SHOIIOAJ

~NI 40d SOIINAdVEIHIONIHD ATIN 40 NOIIVEO1dX3
uedep ‘SeSVESIQ SROTIJIFU] 307 21M3IFIST] OIesNIT)

/91 ANq av

sovopTWYIdalas
JO #3010031% PIYSITqQRiIsd Q1 01 AuWrIIajlal
8Y $100p03d Y3 JO SISYqQ ¥y} VO pasodosd sea
U194w0 1034 30 3301003318 JUIMOTIOZ I ITOPIW
~F1d9118 WOIJ PIUTRIQO L] SN0ITLITRWES S#VO 3UIp
-80ds23300 YA peaeduod @3as uTaMwoirosd JOo s1d0p
~01d uotriepvadag -Luvdwo) syavq IfIvg OY TT 12
1pJeqolsy £q WOPIWIIdIIIs 01 Julfquasas Lavrmd
-Fi3ed ‘sad4wo3vqgioes pue ©311L103sdy] vqINNPUY
1SUTede SIF1TATIOV TITA dnold IpYWFXEqOTILD
031 BJul2TOTQ ITI0FQIIUY MIT ¥ ST TI2£wo 1033

*¥30893 PATZTSSVIONY (¢ 19§ §-0F4~ LS 936 VG 10031807

*$yax ¢ °SdIqel ‘sAIfYl °ToUF
‘4 $2°29 130 18 ~ 19 »om.. 1 *g oy 3Joday Tenyy
vy njol £q SISVASIT SOOIL0ES

=NI 404 SOILOAJVEIHIOWIHO

AIK 40 NOILVHOTdXE
sedep ‘sesvastg

$BOT1D9JUY J0F 31MITIST] O3eEWITY

8/91 AYq qav




QIIJISSVIOND

sedep
sS1afwo 3de31g
YI3v0caY TeOIIPOR
e 1daa3g
SEOT I8 JEY
sesvesi
897301 qF 1By
TIPIN AJuIL)
83538y 213nedviagiowag)

$301d 180830
Q314ISSYIOND

QEI4ISSVIOND

sedep
suyodwo1d e31g
nuuaonom TEOLPOR
$304Awo 1d933g
SuU0T 3098y
SO8VIS](
821301 qrauy
vIpIy #3u1IIN)
81888y o13nedelagiowagy

S3014180834
QEI4ISSYIONA

(30017)  °POUIWINISD SI0A
{PIo® DOJwe3ald 3o dF33vdsy) PIOv ONfWE [¥SFHEIS)
-N PUT (98]8LY put Iuisoaly ‘ev}isid VIPIISIY
‘outuuyerigagd ‘suiTva ‘PUTONST ‘eENIROFYiIOW
‘snjuvye ‘9ujjoad ‘ITIvoaIY] ‘sSPpyov SFirindsy
put JjwwInYd ‘SUTISS ‘aUDiT3) woTIalristod pyov
OTjWe 3Y] “9OFAI PESTIIOET LI1FAF3Ov LJejjua
3] -eSOTATTIO JYEQ puv xepwldeg vwo Lydwaild
=0339W03q> pU® wWOT3IviTdEoesd 2731097808 YAy
300 PP1IIed sua ujaiworeqded jo0 TOFIBIEIFI0g

0

luﬂﬂ .
/

FN
\

(30910y) POUIWISINP IIAA
{PIo® OjweInId Jo Oj3avdse) PyOv OVIWR TPUIWIL
~N po® (9UISAT puv autsoxly ‘9UT18Ld ‘eVIPIiIsIy
‘aujueyeiLusyd ‘PuUIITA ‘OUTORST ‘SUINOTYIoW
‘euiuer® ‘eUjyoad ‘IWILONIY] ‘SPIOT IF3JIudse
PU® JTweInTd ‘PULINS ‘FUFILTI) TOTINIFISTOD Ppjov
OTIWe 87 °IOFAl POSTIIOUY L3FATiI0® LJejfun
94l °9s0TalIed Fyyad puv xepeydeg uwo Lgdwald
=0 3RWOIYD PSR UOFIVITAIOV33 DFI109T908] Y
100 POT3IVD VA UFILwolvqdad jo WOPIEDFFFIRg

B

VA
WA )

t4
<

QIIdISSVIORD

ssdwp
SuToLuo 338318
§OIveSey TeOIPOR
820400 139338
Se0T 30978
sasveslQ
$21101q1 0y
®IPIK 2303INDH
€3uady o7 1nadvlIqIowaq)

S¥014 130830
QEIAISSYIOND

QRIISSYIONO

updep
susunrdesag
QIIveSeY IWIIPOR
8804100 130338
SE0T 12838}
seseIsy(
82713014138y
RIPIN #3IDIIR)H
S3Uady Of 3ned vIIYIOWIY)

S301413083a
4SIdISSYIOND

(300 38Y) “POSIWISIGD SieA
{PTo® 2jueinid 10 djiredse) DIOv OUTWE [PEIWISL
-N PuT (SBSAT pET WES0IL] ‘SRTICLO “PBIPFISTY
‘exjueTeriveyd ‘ssiyva ‘aT}ORST ‘eEjROIYIGE
‘eBjEEle ‘9u}I038 ‘WIWMYI ‘spiow dfi1ivdse
poe Sjweintd ‘sujes °e8id4i1d) wO0F121FisW0D PIOV
oulWwe 8[Y] “SIFAL PESTEIIET [L3FAaFio¢ LIeyima
Y] °#SOTRITeY §VEq pu® xepeydag S0 Lydesd
~03%W03Y2 PU® BOFITITAEI83d 273315971908 YI A
300 PITIIUD sTA ETIMwWOLITded 20 WO IWILFTIRG

T
73
=z/ \8- w-w-tp-s - nm- o= "ma B=2%
00~ B ® 0 %  Sw
(3001aY) ‘PITIWININP IIIA

{PI2® S1welntd 30 2 i1ivdse) PIIT OTIWE [ETIWIIL
-N pus (Ju}sL] put JWILOIL] ‘ATLISLD IVIPEISI|
‘upnuieiiveqd ‘ITTTTA ‘ITIOSLST ‘STIROTTING
‘outuere ‘svjlosd ‘Uysoasqy ‘spiow dyiludse
pue dyweintd ‘U I8 °»BIILiTI)} SGOT3INITISTOD IO
OUlWwe Y] ‘IITAI PISTIIONGY LIFATIOT LIieipse
9q] °9s0TATISY IVI(Q pu® xepegdag so Lgdeal
-03%WOIY2 PUT TOTITIFAFO93d DFI1DPT0ST (il
380 PIFI3Ud seA uINMwOTeyded Jo BOFIEIIIEIRG

nn/wc-ua-su
/

{
\.




D~I1-8-T-R-I-B~U-T~I~-0-N

The distribution of this report as made by USA R&D Gp
(FEY(991L) is as follows:

Army Research Office, OCRD, Washington 25, (3)
Dn CO

Army Attache, American Fmbassy, Tokyo, Japan (L)

U.S. Army Medical R & D Command (4)

ASTIA (10)/ i



EXPLORATION OF NEW CHEMOTHERAFPEUTICS
FOR
INFECTIOUS DISEASES
Fundamental Studies on Protomyein, an Antiamaebic
Aotibiotic and Cephalomycin, an Antiviral Anti-
biotic
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ABSTRACT

Protomycin is a new antibiotic belonging to oyoclo-
heximide gvoup with activities against Endameba hz%to-
lytica and sacchavomyces, particularly vesembling
streptimidone by F~ohardt .et .8l in Parke.Davis ‘Company.
Degradation products of protomyoin weve compaved with
corresponding ones simultaneously obtained from strep-—
timidone. The following structure of protomycin was
proposed on the basis of the products in referring to
the established structure of streptimidones:

CH3 A3 0 vOR ' CH - €O
!
Hzc=CH—b=cH~c - C-CHp~CH-CH2—~CH >N‘H
CHs CHo- CO

"l

Purification of cephalomycin was carried out with
isoelectric precipitation and chromatography on
Sephadex and DEAE cellulose, The unitaxry activity
increased twice, The amino acid constitution (glyoine,
serine, glutamic and aspartic acids, threonine, pvroline,
alanine, methionine, leucine, valine phenylalaninez
histidine, oystine tyvosine and lysine) and N~-terminal
amino acid VSpavtic ov glutamic acid) weve determined,
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l, Jotrodvotion

Fundamental researches on protomyoin, a new antibiotio
active ag:insi sacoharomyces and Endameba histolytioca, and
cephalomyoin, & new antibiotio against Japanese B. gnoeph.—
1itis virus, reepeotively wevre oarried out,

To know the struoture of protomycin in veference to the
estebl 3hed structure of streptimidone, &nother antibiotio
resembling to protomycin found by Dr, ﬁrohardt et al in
Farke Davis, the degraddtion produots from protomycin were
dompared wifh oorresponding ones simultaneously obtained
fvom streptimidone,

Since cephalomycin is & polypeptide neither orystallized
nor assured for homogeneity, further puvification was
attempted to inoreasge its unitary ectivity by conventional
procedures for purifying protetsn.

2. BExperimentation
8. Protomyocin, degradation produots

Xeference to physico-chemical and biologiocal pr¢gar—
terties, partiocvliarly to the vesult of elemental
aualysis 1ni’raved and antibacterial speotra of
protomyoln (1 ), suggested it to be an antibiotic of
oyolohuximide series,

For obtaining some knowledges oun the gjr gtuse of
protomyoin @s velated with streptimidone(2)(3
anothetr antiblotic of oyocloheximide group with the
established structuve, several degradation produots
from ptoton{oin weve oompared with covresponding ones
from streptinidone,

Protomycin (1), & pale yellow visoous liguid, was
purified dy moleocular distillation ¢nd proved to "ve
homogeneous by counter-current distvidution, Althongh
reooystallisation from & 8olution was so far unencoess—
ful, 4t ohanged into & white ovystals, M,P, 58-61 C,
wheo allowed 40 8tand several weeks 18 rotrigeratOf.

The elenental analyesis satisfied the empiriocal formula
o? Oldnzqﬁ , Uitraviolet aoeotrum c8sesed mlxima
&t 232,75 g £ *00) and 287 nA (£ =1 449;
methlno tfio optical vrotation is Ll
A »1,0 Infrarod abscr 1on &K]Dmaxima in

num svll wm £ount st .71 3,07, 3.13,
\3 ao;é 5.7‘ 66 oqé Zs 40)& ¢4, 33935 7 75,

' o-- s 9, ’ ’ 'y .o [
26718, io. 68 i1 .15, 123 &na 11.45 Tae ol
oular’formula is aualogouc "to those of -x:he antitiztloe



of oyoloheximide series, The ultvaviolet spectrum,
suggesting the existence of & oonjugeted doub%a ?og?
is olosely velated with that of streptimidone(2)(3)(4),

The overall form of the spectrvm corwesponds well
to that of stveptimidone, exoept a marked difference
in the neighbourhood of 8mend differences in detalils
in the rezion lower than 3,0 wand fiogerprint region,

Frotomyoin absorbs 2,08 moles of hydvogen when
hydrogenated in glaclal acetic acid o+ ethyi &aloohol
with Pd-ou-carhon catalyst and gives tetranydro~
protomycin (II), ‘

The product, while firet visoous, chaoged into
white orystals, M,P, 39-440C, when all:med to stand
in refvigerator, The elemen%al analyris satiafied
the empirical formule C1qHZ3NO5, Ultvraviolet abaorp-
tion maximum is at 282 mp~? =20%) in ethanol, The -
peak io the infrared vegion vere found at 2,99, 3.02,
3.15, 5.78, 5.81, 5.90, 5.95, 6,60, 6.68, 6.90, 7.30,
Tec5, 7.75, 7.80, 7.92, 8,08, 8,39, 8,49, 8.68, 8.78,
9,02, 9,20, 9.32, 9.50, 9,73, 9,81, 10.29, 10.%2,
10.83, 10,4, 11035, 11,50, 11.75,'11.98, "ana 12,18
(in nvjor), While fhe chavacteridtio absorption bands
at about 8Mm unchanged, the vands at 6.09, 6.21, 10,10
and 10,08 disappeaved’and in oconjunotion’with the
change in vltraviolet spectrum, the presence of a
conjugated diene in the original protomycin was defini-
tely suggesteq,

Protomyoin was steam distilled fvom & solution in-
4% NaOH into 2N-ECl, eaturated with 2,4~d4nitrophenyl-
hydraginve, The resulting svepension was extracted
with bengene and fraotionated thvough & column of
s8ilioio acid, with bensene as a developing solvent,

A davk red ovystal dnd an ovange ovystal werve ¢b-
taived; the former, M,P, 1650C and molecular formula
015818*104, was identified with the corresponding
produoct:from stveptimitone and the latter, M.P, 12200,
with the 2,4-dinitvophenylhydragone of acetone by the
mixed meltiug point, elementsl analysis and infrared
szectrum voapeotivoly. Aocovdingly, protomoyla gives
3,5-dimethyl~3,5-heptad iene~-2-ove CH3 CH%
cns-g-c-gac-c-cns

0
(III), and acetove (IV) @s volatile ketones by troat-
ing with alkald, '

¥y the same procedure, tetrahydroprotomyoin (IT)
gave two xluds of yellow crystels and one oryange
ovrystalis of 2,i-d1nitro-phon{%hydrasoue.

One of the yellow orystals, M,P, 59-540C and
molecular foruzula CisHooNAO4, was idontified wita the

2



corvesponding product from streptimidone; the othew
yellow crystals, probebly & stereoisomer of the fowmew,
showed M,P, 96-9800, while it satlsfied the same mole-
~oular formula, The orange crystals were proved again
to be the derivative of acetove, Thus, the vslotile
ketones obtained by the alkaline treatment of tetrahy~
droprotomycin were found to be 2,5~dimethyl-2-~heptanone

(v) and aceyone (VI), CH3 CH3
CH3-CH2~CE-CH2- O-C~CH3
HO

The ozonide of protomyoin wes prvep&red in methanol
decomnposed with au aqueous ferrous sulfate solution and
steem distilled into 2N-HC1l saturated with 2,4-dinitro-
pheuylhydragine, The precipitate was puri. ied by
8iliocin acid chromatography avd identified with tne
derivetive of formaldenyde, The residuval solutioan was
filteved, added with an agueous &2lkaline solution and
steam distilled; Mom the precipitate of 2,4-divitvo-
phonylhydrezore, the derivatives of methyl ethyl keton
and acetone were isolated by silicio acid chromoto-
graphy and identified with avthentic samples, respeoti~
vely., F¥heo ozooide was prepaved in chloroform &
decomposed with watev, theve weve proved again formal-
dehyde and acetoslsdehyde from divect stesm distillate
aod methyl ethyl ketoune and scetone from Steam Aistild-
ate from alkaline solution : :

Tetrahyd roprotomyoin (IXI) was converted ihto oxime
with hydroxylemine-pyridine in ethenol, The resotion
mixture remaived viscous in spite of several procedures
of puvification, so that it wes treated with 10 ml of
75% H2804 on bolling water bath to induce Beckmann's
rearvangewent, The vesction mixtuve was diluted with
20 volumes of water &nd stesm distillel, The oily soid
in the distillate was tveated with p-phenylasophensoy~
lbromide, The vresultiog ester (VII), ovenge colored
aud melting at 54-53%00, satisfied empiviocal fovmula,
025H30-35202004. %Thus, the oxime of tetrshydroproto-
mycin gave au acid 010H1q.21000H by Beckmann's vearran~
gemevt followed dy hydro 8s

Ihe exactly same prooedure 8pplied on streptimidone
5avo D~bromossophenaoyl ester: orange needles; M.P., 78—

100; and, empirical forvmula, C22H26N203, The original
8014 satisfied the empiricsl fovmula 6f C7H15COCH, &S
reasonably deduced from the structure of streptimidone,

Treatment of terahydroprotomycin (II) with dens :
Bine géve a resntion produot:; white ovystals, M.P, 169-17
17000 and molecular formula 021H25N3502, It was identi-
fied with the corrospooding product from tetrahydrost-
reptimidone to establish the presence of ~zithyl -~a.
glutavimide moiety,



EXPERIMENTAL

(I)~Preparation and properties of protomyoin

wevre describhed in the preceeding papers,

ahydropr (IT)-Protomycin (I) (1.28g) was
dissolved in 20 ml of glacial acetic acid, added with
500 mg of 5% Pd-on-Carbon and hydvogenate5 with stir~
ring at atmospheric pressure and 150C, Hydrogen (2.03
mol,) was absorbed in 4G3 min,. The reaction mixtuve
was filtered and evaporated, The residue was dissolved
in 2 small volume of bengene, pleced on & column of
HOl-tveated alumina and developed with ethyl-acetate,
The sluate was evaporated and purified with molecnlar
distillation to give & pale yellow viscous liquid,
It solidified gradually, when allowed to stand iv
refrigerator, M,P, 59—4100.

Anal, Calcd, for C10H33NO5: C, 64,20; H, 9.%6;

Pound : C 64,05; H, 8.98;
u m l, ‘0250
e
N (¢ aon.
Max .
A egr hs n~ Protomycin (461

mg) was dissolved in 4% aq, NaOH, distilled immediately
into 2N-RC1, saturated with 2 4-dinitvophenyl-hydrasine,
The solution was extracted wilh beosene and evapovated,
Phe vesidve wes dissolved in a small volume of benzene,
placed on & column of silicioc acid and developed with
the same solvent, The 1lst dark vred effluent was
evaporated and reorystallized from ethylacetate to give
a dark red needles, M,P, 1650C,
Anal, Oslcd, for CysH18N404: C, 56.69; H, 5.70;
N, 17,74,
Found ¢ 0, 57.05; R, 5.80;
N, 17,74,

It was identified with the ocovresponding derivative
obtained from streptimidone by the same prooedure, in
referring to mixed melting point and infrared spectrum,

The gscond band, eluted with 1% ethylacetate in
benzene) gave orange orvystals, M,P, 1220C,

Anel, Calod, for CqioNs0s: C, },5938; H, 4.23;

’ N <)o [
Found : C, 45,553 K, 4.27;
: N, 23,80,

Mixed melting point and infrared spectrum supported

it t5 be the derivative of sacetone,

Alcaz_numm%n.}n?_ﬂ_t%mm.unﬁm,e ~ Tetvahy-
dv-orosomyoin (II) (540 mg) was treated witn alkali and

steam Aistilled as desorided adbove, The extraot of



A

2,4-dinitrophenyl nydrazone was fractionated through
@ column of silicic &cid. Two bands, moving alosely
yet in clear separation, were eluted successively.
The 13t elvate was cvaporated, reorystallized from
95% ethanol repeatedly to give yeliow needles, M,P,
59~620C, '

Anal, Ualed, for CysH22Nals: O, 55.88; H, 6.88;

N, 17,38,
Pound ¢ C, 56.,37; Hy T.04;
N, 17.49.
TAkBtOH 6 ( )
=263 a=51),
Max mth

3y treating tetrehydroprotcmycin in the seame way,
& 8iriler devivative, M,P, 67-7)1.0C was obtained, The
identity between two produots was established on the
basis of mixed melting point (61-670C) and infrared
speotvunm, :

The second band gave yellow orystals M,P, 96~980C,

Anal, Cslod., for C15H22N404: C, 25.88; H, 6,88;

N, 17 '

Pound . ¢! 55.01; H, 6.63;
H, 17.%6.

Althouvgh the band was not obtained from streptimi~
done, the m xed melting point »ith the above product
was ln the intermedimte range (77-870C)., The infrared
speotrum was ldenticel each other,

The slowly moving red band was eluted with 1% -
ethylacetate-bengene, Recrystalization from 95% BtOH &
gKave orange needles, M,P. 116-120°C,

Avel, Oalod, for Coli1oNaO4: N, 23,52,

Pound : N, 23,.5%.

It was 1dentified with the derivative from acetoae,

~Protomyoin (1,01g) was dis-
solved in nl methanol and cooled in & bath of ice-
sodium ohloride, After budbling through ogone, 20 ml
water oonteining 1g FeB0, was added to decompose the
oronide, filtered and distilled iutu ZN-HC1-2,4~dlunltro-
phenylhydragine, which was extvasted with benegen and
ourificd by e11icic aoid ohromatcgraphy. Yellow needles
with 4,2, 178.16100 wa3 obtained,

Avel, Calcd, for O7HEN4O4: ¥, 26,92,

Peund s N, 2¢,85,
T+ wes ‘dentified with ap sulhentic cerivatiee of
formaldehyd.

To the ~esidval solution (10 ml) was added 10% NaOH
(10 #1) and eteam distilled intc 2N-IIC1—2,4-dinitrophes:
oylhydrazine, The acid solrtlion was extracted with
benzene 213 develored tavough & oulumn of siliocio aocid:
the fivst band gave orange ovrystals, M.P, 106-1080C;



the second band, ovange orystals, M,P, 1180¢C,
Anal, of the formev, Calod, for 018H1%l104:
c, 47.65; H, 4,.80; N, 22,22,

Found + C, 47,69; B, 4,87; N, 22.01,

It was identified with the devivAtive of methyle-
thyl ketone by inixed melting point and infrared speoctruma,
The secnnd was prnved to be aoetone,

Protomycin (I) (520 mg) in 20 ml chloroform was
treated with ogone in an ioce-NaCl vath, The solvent was
evaporated ip_vacuo ana the residual visocous liquid was
decomposed with water, followed by Steam distillation,
on &ddition to fo*mal&ehyde, acetoaldehyde was found as
¢,4-dinitrophenylhydragone, M,P, 158-1600C,

Anal, Cealcd, for CAHANpO04: N, 24,9°,

Pound ¢ N, 24,33,

Residval solution was alkalinized and steam distilled
to prove again methyl ethyl ketone and acetone,

ropr cin o ~ A mixtuve
of tetrahydroprotomyoin (1,28 g, 3, mo pyridine
(290 m1) and hydroxylamine hydrochloride (554 mg) in
10 ml ethancl was refluxed for two hours, evaporated,
washed with watev and ether, and dvied.

8ince the residue remained visoous in spite of sevival
tveatmente, 10 ml, of 80% sulfuric acid was added,
heated on ﬁoiling water phath for 1 hour, poured into
200 wl, of cold water and steam distilled, The distil~
late containing floating oily material consuvmed 2,04 mo)
equivalent of sodivm hydroxide when neutralised with
standsvised 0,1N NaCH, _

The neutvralized golution was evaporated 1&12%221 _
and vefluzed with 500 mg of p~phenylasophenaoyl dvomide
in 90% agueous ethanol for two hours, The weaotion
nixture was evaporated to dryness and separated from
origingl reagent by silicic acid ohrométography devel.
oped with bdensone, Twice veorystalisation fvom 95%
EtOH gave ovange cveedles, N,P, 54-85%0C (VII),

Aoal, Oalod, for CosR30N203: g ; 236.31; H, 7.79;

The elemental analysis suzgeat&d the origiral
a0id to have an empirical formula of TipH 9.gocggn.

» ™ [ ]
proogluoo exactly seme a8 in the Jugg preceed ing
pragraph was repegted, but the protomyoin was substi-
tuted with etreptimidone, The aorvesponding p-
phenylazophenacyl ester waa obtained; ovange needles,
u.P. 78"8100. ’

Apal, Calod, for O22H26N203: %, ;2.103 B, 7.15;

? [292Je
Pound ¢ €, 72,13; H, T.13;
R' 70750
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A _resotion produot of beonpylamine and tetrahydropr
topvein ~ A mixture of tetrahydroprotomyoin iII’ !§§)
and benzylamine (1,5 ml) was heated on steam bath for

four hours, added with oarbon tetrachlowide to preci-
pitate a 80114, The solid was recrystallized from
ohlovoform-ether and hot methanol to obtain & white
Anal, Calod, for C21H25N302: C, 11.20; H, 7.07;
K oD,
TFound t ¢, T1,77; H, 7.07;
N, 11.46,
.Mixed melting point and infrared spectrum esta~
blished the identity between the corresponding product
from streptimidone and the Just obtained one,
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2. OCephalomyoin, further purification

It has been found that not a few antibiotios
isolated from streptomyces and ?t er gpsbiés of
niorog*ganisme such eleninll), myxoviromy-
oin(2 ’ abikoviromyoin 3) and others, have anti~
viral and antiphage activities,

During soreening for antiviral antibiotics in
our laboratory, the stvain, Streptomyces tanashiensig
yar. gephalomyoetioug, which prodvces an active
substance against Japanece B, encephalitis virus in
iivg, was isolated from a soil sample obtained in

okyo, This active nroduct was concluded %o be a new
substance and was named cephalrmyocin by Hata et al,
Matsumae and Onuma reported mycological characteris=~
tios of the produoing etva%n biological and chemioal
properties of cephalomycin 4y and soctivities against
e €enoephalitig viruvs in mioe(S). According to those
previously reported data, cephalomycin, although not -
homogeveovs, was suppose& t6 be an aci&io polypentide,
being precipitated at the pH range 2-5 as & brownish
amorphous powder, It ie non-dialysable, insoluble in
organic solvents, and is inactivated when incubated
with trypsin, It is positive in Sakaguchi, biuvet
ninhydrin, Aliago and Polin's color reactions, Aoi&
hyd-olysates gave ninhydrin positive spots by paper
chromatography,

Cephalomyocin was not only active against Japanese
B, encephalitin virus in the contact experiment,
was effective 1f given within 24 hours in advance to

inoculation of%gmggn. halitig virvs, Also,
infected mice which have svrvive eatment with
cephalomycin gained & significant immunity Ggainet
dapanese encephalifis veinfeotion,

The objeot of the present work is to isolate a
fuvther nurified prepavation of oephalomyoin and to

investigate its physicochemioal ultimately its
biologiocal properties,

BXPERIMENTAL
Ovgaviem: The cephalomyoin produvoing stvain,

.li:lllnllnl{'tlnllhilnlil.III. gsnhslgnxe&&iggg.
maintained in our ladboratory, ‘was employed fox

preparing ocephalomyoin, '
Medivm: An aqueous medium, containing 2,0% stavoh,

1% soy bean meal ‘Ofi peptone, 0,5% meat extract,

0.4% dry yeast, 0.5% NaCl and 0,3€ Oelox, initial

pH 7.0, was vsed for cephalomyocin producing med ium,

8
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Animals? 44 mice of both sex, welghing &bout 10 ge
were used,

Tirva: The stvain Fakayama of Japanese B, enoe~
phel.itls virng, intracerebrally transfercd in ouw
laboratory, was uled,

Assay nmethod of cenhalomyoin: Samplss weve assayed
for vaptelomycin activity by & technique essentially
the same as that desoribed by Matsumae and Onume; wheo
Jepanese B, enoezhalitis virusmgas injected to mioce
intracerebrally with 107 — 10™° virus concemtrations,
the nice shomel typnical symptoms of encephalitis aftev
3 to 5 qeve afttér inooulstion, However, in this expe-
viment, intraperitoneal injeotion was used for convenw
ience. 1In the case of intraperitoneal inoculation of
virus, the typiocal sympioma -?peawed in mioe with ‘
viris sonoentvations of 10-1l.5 - 10-2.5, Acccrdingly,
10™+ virus concentratior was used for the experiment,
The brains of symptometic mice were removed &ud ocol~
iected aseptically and homogeuvized in a homogeniger
at 18,000 ».p.m, with Hank's solution addedi to the
retio of 4 ml, per 3 hrians, This homogenate was
centrifuged at 3,000 »,p.m, for 5 nin. tqQ remcve braid
dedbriz apd the supurnatant 3o0luvtion (Lo~V.5 virus
conosntratior ) was mixed with an equal. volume of
approprigdite cunocentration of cephaliomyoin solution teo
give 10l vivus concentration, This mixed solution
was allcwed to stand in ioe water to cause contaot
virus with cephalomycin, After 15 min, the suspeunsion
wag injected to mioce 1atrtperitoneally. At the same
time, the solutiov of 10™+ virus concentration which
contained physiological sdline inatead of ocephalomy-
oin wag injeoted to other mioce as ocontrol experiment,
This oontrol group showed typical symptoms of ende-
phalitis, Usually, the symptoss of Japanese ence-
phalitis appesred after about 4 days and the vesult
become definite within 8 days, but the mice weve
observed still further for 14 days following the ive~
culetlon. Tahevefore, if death oocurred within 4 Saye,
1% was regavrded €5 an accident or nor encephalitie
deatn and in tuls came the mice were exoluded from
the expeviments, Cephalomyoin ectiviiy was represented
in Yorme of the ratio of survivied mice to treated
oneg,

Tornentations 8f, gephalomyoeticus was inooulated
to ebove desoribed medivm and cultured for 9% hrs at

2708,
Aolloming prooedures were applied for further
purl’ication of ocephalomyoio,



(1) BPurification of oephalomycin

() Isoceleotrio precipitation: The 9% hour fevmen—
tation liquor or,sx. gep 0e . separated from
myocelia by centrifugation, was cooled with Lce and
ad justed to pd 3.6 by saaing gradually 104 aqueous
acetio aoid with stirring, A heavy precipitate
formed , and, after 15 min, of further stirring, the
prooipitate was oclleoted with a sharples centwifuge,
T™he inactive supernatant was discarded, and the prew
oipitate was dissolved, with 0ooling, in distilled
water by adjusting the pH to 8 with aqueous ammonia,
The resulting solution was centrifuged and insoludle
precipitate waes discarded, The dupernatant solution
was read justed to pH 3,6 with 104 acetic acid to
precipitate ocephalomyoin, This precipitate was
centrifuged and washed with aqueous acetic aoid
(pH 3,6) vepeatedly, After the washings beocame
clear, the ispeleotric precipitate of cephalomyocin
was dlssolved in distilled water by sdjusting pH to
7.0, This procedure was repeated twice; finally, a
red-purple colovred cephalomyoin solution was obtained,
(b) Sephadex, a recently develnped material fov
purifying macromolecular substonoces, was employed,
Sepahdex G-25 was suspended in distilled water
lighter floating gel partioles separated, 8nd ¥ho
gelled Sephadex paoked into & glass column, To the
top of well washed Sephadex column, thecoephalomy-~
c6in solutinn obtained by 1soelectrio precipitation
was poured ov oarvefully, After the solution had
been soaked into Sephadex ocompletely, elution was
oarried out with distiilled wgter, éophalonyoin
Solution was separated into primerily eluted bvown
boloved band and the following two ved coloved dands
Pig, 1), Bch elvted dand wes lyophilised, Pig,
II and III shows lboorgtion spectrum of drown and
red fractions of cephalomycin, The ultraviolet and
visible 1light adbsorption speatrum of the brown
freotion exhibited & rhoulder at the vange fvom
255 to 275 millimioron in 0,1 N-HC) solution and
this shifted to. the venge from 260 to 290 millini-
ovon in 0,1 N-NeCH; {roblbly duve to the presence
of tyrosine in oephalomyoin molecule, The sSlowly
eluted two. red fraoctions hed the same absorpiion
speotvum exhibiting & peak &t ¢C5 millimiaoren,
Antiviral aotivity eximted in brown fraction
(Teble II),
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(o) Ohvomatography on DBAE-cellulose: DEAE-cellulose,
2g in day weight, was thovoughly washed with 0.0l M
phosphate buffer, pH, 7.0, and packed into a glass
ocolumn, 40mg of iyophilized powdevr of the bdrown fraoc—
tion was dissolved in 1,5 ml of 0.01 M phosphate .
buffer, pH 7.0, aod was applied to the oolumn, The
column was mounted above a fraction-collector and 80
dvop (4 ml) fractions were colleoted. Elution velo-
oity was 16 ml/hv, As shown in PFig, IV, cephalomyoin
was eluted batchwise with inoweasing ooncentrations
of phosphate and NaCl, The appearanoe of cephalomyoin
in the elvate was estimated dby the opsical obsorption
density at 280 millimicrons, After the elution with
the phosphate buffevs had been finished, 0.,2% NaCH
solution was passed thvrough the column, Then, 8till
another fraction was eluted, Each eluate was desalted
by passing through Sephadex G-25 column, and lyophi~
lized., Ae a vesult, ocephalomyoin was separated to
fouvr fractions by Dﬁll-celluloae chromatography. The
antiviral activity was associated with every fractions,
The finally eluted fvaction had a higher level of
aotivity than others; The first eluate was leas bvown
coloved than others,

In ovder to purity cephalomyoin furthevr, seveval
attempts weve made, including gradient elutlon from
DBAB-cellulose with a variety of NaCl gradient,
reohronatograpbi‘gn DEAB-cellulome, chromatography on
TEAB- and BOTEOLA-cellulomse, caloium phosphate ge
chvomatography and starch gel electrophovesis. All
these methods failed in inovessing unitary aoctivity
of ocephalomyoin, The above desovibed purification
procedure was summevrised in Tadble I,

(2) Some iocoohemical and biological propevrties of
copha oin

(a) Paper electrephovesis: Paper eleotrophoresis was
carried out with hovisontal method, using Toyo Roshl
Ko, 51 filter paper, 2 x 30 om,, M/20 vevonal buffer
pi 8.6, in the conaltions of 108 v,, 5 hvs,, 0.1 m
om. The color was developed with 1% bromphenol blue
solution followed by washing with 2« acetic acid,

As shown in Pig, V, the original isceleotric
precipitate wae separated into 3 fractliom as reported
previously, The ved fractinn after ocephadex eluted
fvom Sephadex cootained only a small amovnt of protein
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and vemained nearly at the original point; The brown
fraction wee secparated into 3 Fractions, ™he frac—
tions eluted from DEBAE-cellulose chvomatography
moved to different positione respectively.

(b) Antiviral aotivity: Table II reprecents anti-
vival activities of the purified powders of ocephalo~
myein, determined by the above described methods,
The: * was no activity io the ved fraoction, but the *
brown fraction revealed & higher activity than the
original isoeleotric precipite, As for four fracti-
ons separatcd by the chromatography on DEAE-cellulose,
no vemarkanle diffevence of antiviral activity was
proved between one another, but when compared with
the potenoy of isoeleotric precipite, the activity
incveased at least twofold.

(c) Amino acid analysis: One fraction of cephalo-
mycin, elvted dy 0.2% NaOH from DEAE-cellulose column
chromatography, was hydrolysed in 6 §-HC1 for 24 hes,,
at 115, r‘ryeé up in vacvn ripeatedly, with added
water in orter to vemove vesiduval HCl, The residue
wag dissolved iw watcr and analysed by two-dimen—~
sional paper chromatography with solvent system of
butanol~acetioc acid-watevr {4:1:2) and phenol-water
(4:1), and by modified fingev print method of Ingran,
The modified finger pvint teshnique was as follows:
8 sample of hydvolysate was spoted in & middle side
of 40 x 40 om, f1ilter paper, and eleotrophovesis was
carried out towaxd both sides of the sfottod point,
followed by paper-chvomatographic development
(butanol-acetio acid-water, 4:1:2) to anothevr divec-
tion., Amino acids spots weve colored by spraying
niohydvin solutioo,

A part of rolyeate was mixed with 2«4 dinitvo—
flvorobengen solution and HO¥ ethaunol containing 44
398002 to dinitrophenylate., The resultant dinitvo-
phenylated amino acids (DNP-amino ecids) weve ext—
vacted with ethyl ether and butanol anc{ were cnaly-
ged by two-dimensiovnal papet cbroma'éog'caphy (5%
aqueous ammonia saturated butanol and 1,5 M phosphate),

As indicated in Pig, VI and TII, the following
amino acids weve identifiel: aspart:to acid, glutanio
aoid, avginine, lysine, histidine, oy3tine, glycine,
andins th'nonlno, alsnine, proline tyroalne, valioe,
37 .oind, phenylalanine and methinoniue,

The spots of DNP-amino acids on papevr weve out
out, extracted with 5 ml, of 1¥ NaHC(O3 solntion,

12



- tio acid 7.8,

and extrvecis were cstimated by ophical density at 360
wllilipicron, 7he molaw wvatic of cach DyP-aminoe acids
were: glycine 2,8, cevirne 2,7, glutamic acid + aspave
; thveonine 2,0, prolina 1.6, alanive +
methionine 7.5, leucine + véline: 6.9, phenylelanine
%"2' histidioe 1,1, oystioe 0,2 and tyvosine + lysiune
[ A

Oepuslomycin, eluted from DBAE-cellulose chromste~
graphy with 0.2% Na(H, wes dinitrophenylated, and DNP=
cephalomyoin was hydvolysed in 6 N-BCI for 14 hvs, at
11000, As showed in Pig, VIII, pvesumable N~terminal
anino aocid of this cephalomyocin was an 8cidio amino
aoid (aspartic ecid or glutemic &o0id). '

DISCUSSICK

Adocording to the above described data, cephalomyoin
was characterized ag a proteln-like substancs and several
convertional methods of protein purification wewe 21&5&
fov puwiftice’ inn o? cephalomrein, The antivival a:‘g -
vity was, kowever, not so marke2dly lncoveased, but was
separatea into seveval fruatiocns with almost similax
aotivity levels, It has been pvopsed that intect and
stvioktly regulated stwuoture of lavge protein molecule
was essential for engymes or active proteins to exhidis
@& oomplete ectlvity, On the other hand, it has also
been proposed that engymes o+ active proteivs has a one
ov ncre 8ctive center parte in molecules, which ocon-
gistes of some amino a0id vesidunes with ﬁmitod sterio
structure, to exbibit sctivity, g= have been ‘demonstrated
for several eunzymwes and active protelns such as trypsin,
pepsin, iusulin and chyvroohrome ¢, In this oconnectien,
cephalomycin may be consideved also to have active
parte in 4t moleoules: the DEAR-cellulose chrom&togra-
phy sepavetci cephalomycln into several fractliona #ith
slmeet 3cme degrees of activity, thesvebdy suggesting &
poceidblility +tnat eash fvactionated cerhelomysin. have
& oommecy antivival aotive part in Hheir moleoules, and
{tue other perts of moleoule: have 4if?. -t arrange-

meate of amiuo acids; ov, 8t, gi_pgg;_o%g_csﬁ;ig_@_ produces
only one zotive auhl'hnoe n culiure broth, and simultaes
peously produces preteolytioc ensymee Pfot then and the
latter attacks sowe parts o? the forner, allowing an
estive pavt unaffeeted to zive cevevai molecules with a
oommon antivival aetive centor, In the fvactionation
expeviments with chvomstogrephy on DEBAR-08lluleose and
papovelectrophovoeis, it was often found that the
numpber and loostioun of the active fvactions somewhat
vatied from lot to lot. This variation would auggest
the above Adssovribed poseibility,
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SUMMARY

1, Cephalomycin was isolated from the culture broth by
igoelectric precipitation, gel filtration on Sepha—
dex and chromatography on DEAE-oellulose.

2, Purified preparaticn was shown to be homogeneous by
paperelectrophoresis,

3. Each separated fractinn of cephalomycin exhibited
the almost same degree of antiviral activity.

4, Amino acid analysis and presumable N-terminal amino
acid of one fraction of cephalomycin were determined,
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SUMMARY

Protomyoin is a new antibiotic belonging to cyclo-
heximide group with activities against FEndameba histo-

ca and saccharomyces, pariicularly vesembling to
streptimidone by Frobardt et al-in Parke H8vis Ccmpeny.
Degradation products of protomycin weve compaved with
corvesponding ones simultaneously obtained from stvrew-
ptimidone., The, followipg structure of protomyocln was
proposed on the basis of the prodvuots iu referring to
the established structure of streptimidone:

3 (Hxz od ,LCH ~ CO
H20=dH~C=CH—C - C-'-CHQ-éH—Cﬂz-Cg Y
HO-T - 0H3 CHz- CO
CH=

Purifiocation of cephalomyoin was carried out with
isoeleotric precipitation and ohvromatograpny on Sephadex
and DEAE ocellulose. The unitary activity increased -
twice, The amino acid ocanstitution (glycime, serine,
glutamic and aspartio aocids, theeonine, proline, '
slanine, methionine, leucine, valine, phenylanine,
bistidine, oystine, tyvrosine and lysine) and N-tevminal
amino acid \aspartlo ov glutamio acid ) weve determined.
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APPENPIX 1

Fig. 1.
Sepavation on a Column of $ephuex G-25

Cepalomycin Solu. is applied
on a column of Sephadex.

Hs0

|

~ Red Fraction.

- R $raction.

m
Brown Fraction,



1Ldo

{TN3q

oSt

APIENDIX 2

Fig. I

Absovption Spectyum o Cephalomycin Brown Fvaction
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LAPTERDIY 3

Fig. I

Absorption. Spectrum of
Cephalomyein Red Frastion.
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APIENDIX 4

Fig. w
Elution of Cephaiomycin Svom DEAE -celiutose
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Fig. v

APPENDIX 5

Paper Electvophovesis of Cephalomycin
{00 v. S5hvs. o1 mAh/cm
Paper @ Toyo Roshi No.5I  2xs0em

Buffer: Veronal pH 8.6 (m=o.05)
Colox : B.PB 1% solu
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APPENDIX 6

Fig. m
Paperelectvo—chvomatogvo.m of amino acid
in cephalomycin ( DEAE-c, 0.2% eluate)
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APPENDIX 7

Fis.m

DNP-Amino a.cids chromatogram of
cepralomycin (DEAE-c.,Na0H ehuate) hydrolysale
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—— S M M‘-Ph“"
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APPENDIX 8

Fig.WI

N-terminal amino acid o

Cephalomyein. (DEAE-c. 0.2 %Na0H eluate)

£yn-HO™8

L+

"""""

1.5 M Phosphate
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APFENDIX 9

Table I

Purification procedure of Cephalomyoin

Broth
Fi‘ltrate
adj. to pH 3.6
rpt
dissolv. to water (pH 8)
aq solu.
Se‘phadex G-25
elute with water

brown fraction

DEAE-cellulose

elute with phosphate buffer
containing with inoreasing
amount of NaCl, and

0.2 % NaCH

eluaten

Sephadex G-25 for desalts

lyophilization

Purified powder of Cephalonyecin
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APFENDIX 10

Table I
Antivirl activity of puvified Cephalomycin
" isoelect- d Wrow PEAB- | DBAE- | DEAR- | DEAE-
Cc?nh:u% ) vie ::t fraction Seaction. | coluusecr) atubee (23 «uamm[u“ul
Avimal surviving /Animal tested.
500 S/s | s | S/ | S/s | /s | ¥/s | S/
250 4/s e | 5/s |
= .
125 4 | 4 4 S/e | 3 | %s |
! /s /5 /s /s 8 5| /s .
62 G| % | S/s |
31 2/g Ve |l Y | 3/5 | 35 | 45 | Y5
8 s | %s | s V2,
4 % Vs
control. o/ %/ s °/s °/s °/s s o/ s




